Multifaceted interaction between the androgen and Wnt signaling pathways and the implication for prostate cancer.
Androgen action in prostate and prostate cancer cells is dependent upon the androgen receptor (AR) protein that transcriptionally regulates the expression of androgen-dependent genes in the presence of a steroid ligand. Whereas the overall schema of androgen action mediated by this receptor protein appears to be relatively simple, androgen signaling is now known to be influenced by several other cell signal transduction pathways and here we review the evidence that the canonical Wnt signaling pathway also modulates androgen signaling at multiple levels. Wnt is a complex signaling pathway whose endpoint involves activation of transcription from LEF-1/TCF transcription factors and it is known to be involved in the development and progression of numerous human epithelial tumors including prostate cancer. beta-catenin protein, a particularly critical molecular component of canonical Wnt signaling is now known to promote androgen signaling through its ability to bind to the AR protein in a ligand-dependent fashion and to enhance the ability of liganded AR to activate transcription of androgen-regulated genes. Under certain conditions, glycogen synthase kinase-3beta (GSK-3beta), a protein serine/threonine kinase that regulates beta-catenin degradation within the Wnt signaling pathway, can also phosphorylate AR and suppress its ability to activate transcription. Finally, it was recently found that the human AR gene itself is a target of LEF-1/TCF-mediated transcription and that AR mRNA is highly upregulated by activation of Wnt signaling in prostate cancer cells. Paradoxically, Wnt activation also appears to stimulate Akt activity promoting an MDM-2-mediated degradation process that reduces AR protein levels in Wnt-stimulated prostate cancer cells. Collectively, this information indicates that the multifaceted nature of the interaction between the Wnt and the androgen signaling pathways likely has numerous consequences for the development, growth, and progression of prostate cancer.